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Highly branched, low-substituted starch products 



The present invention relates to highly branched, low-substituted starch products. 
In particular, the invention relates to starch products that are suitable for use as a 
colloid osmotic agent in peritoneal dialysis and a volume replacement means 
(plasma expander). 

Up until now, mainly glucose has been employed as an osmotic agent in peritoneal 
dialysis. This substance has proven its worth especially for brief, intermittent use 
(retention time of about 2 to 3 hours), it is non-toxic, highly compatible with other 
constituents of the dialysis solution and can be sterilized by steam under non- 
alkaline conditions. Besides, glucose is relatively inexpensive. However, glucose is 
not an ideal agent since it can cause undesired side effects over the course of a 
peritoneal dialysis. For Instance, unavoidable, non-physiologlcally low pH values 
and hyper-osmolar solutions cause irritations. The fast re-absorption into the blood 
results in high blood glucose and lipid values. This is why the ultrafiltration per- 
formance can only be maintained over relatively short periods of time. 

Aside from the wish to avoid side effects and excessive stress to the peritoneal 
membrane (the frequent change of the dialysis solution entails an increased risk of 
peritonitis), there was a need to replace glucose by an agent that allows a longer 
retention time of the dialysis solution in the peritoneal cavity, thus reducing the 
stress for the patient. This endeavor made use of the insight that sufficient ultra- 
filtration performance and clearance of solutions are not achieved only by estab- 
lishing an osmotic pressure but rather also by means of the so-called colloid 
osmotic pressure brought about by the macromolecules. As a result, it became 
possible to use dialysis solutions also in the iso-osmolar or hypo-osmolar range. 



ToNwards this end, glucx)se polymers, among others, are employed that are 
obtained through the hydrolysis of unmodified corn starch and tfiat have molecular 
weights of approximately 20,000 (icodextrin). 

The retention times of such dialysis solutions range from about 8 to 12 hours. Even 
though macromolecules are also re-absorbed via the lymphatic system through the 
mechanism of active absorption and then degraded, the catabollc products in the 
form of maltose and glucose oligomers are considered to be uncritical. 

A major drawback of such hydrolyzed starch fractions, however, Is the fact that 
slightly branched or unbranched starch fragments tend to retrogradation - which is 
generally known In the case of the amylose fraction of starch - and can lead to 
undeslred precipitation. This is all the more applicable when high-amylose starches 
are selected as the starting point for the hydrolysates. Furthemiore, under auto- 
clavlng conditions, maltodextrln-IIke starch products tend to form undesired and 
sometimes harmful by-products such as formaldehyde and aldonic acids. 

Another prior-art agent that can be fundamentally employed for generating a colloid 
osmotic pressure is hydroxyethyl starch (HES), an oncotlcally active medium. 
When types within the molecular range from 40,000 to 450,000 and substitution 
degrees of 0.5 to 0.7 were studied, however, It was found to be a disadvantage 
that re-absorbed HES and fractions of it are stored in the spleen, lungs and liver, 
so that the use of HES as a colloid osmotic agent cannot be considered as 
unproblematic. This undesired storage of HES can be ascribed to the fact that the 
high substitution does not allow a complete degradation of HES by the body's own 
amylase. 

At the present time, HES constitutes ttie most modern and most widespread vol- 
ume replacement medium. In addition to the fact that the finished product has dif- 



ferent compositions, a number of variants of the active ingredient are employed 
that differ In temis of their molecular weight as well as their substitution degree and 
substitution pattern. 

Hydroxyethyl starches fundamentally stand out over other volume replacement 
media such as gelatins, dextrans or synthetic colloids for their high tolerability, 
which Is due to the fact that the initial material used for HES Is waxy com starch, a 
special type of starch that consists of over 98% amylopectin and whose chemical 
structure is similar to the body's own storage material, glycogen. The remaining 
approximately 2% consists of somewhat or [illegible on copy] amylose. 

Like glycogen, amylopectin Is made up of glucose units that are bonded to each 
other via a-1,4 bonds in the backbone chain and via a-1,6 bonds In the branching 
sites. However, amylopectin with approximately 6% a-1,6 bonds (on approximately 
every 20"^ glucose unit) is even much less branched than glycogen with 10% to 
16% a-1,4 bonds (every 6*^ to 10*'' glucose unit). Amylopectin is not water-soluble. 
If it were, it would be quickly degraded by the body's own amylases after the infu- 
sion and remain without effect. Amylopectin becomes water-soluble by means of, 
for example, etherification brought about by ethylene oxide or propylene oxide, 
whereby in addition - as a function of the degree of substitution (degree of etherifi- 
cation) - the degradation Is slowed down by amylase which, together with the 
established molecular weight, determines the duration of effect of HES, 

A major drawback of all known hydroxyethylated or hydroxypropylated starch types 
is that a complete degradation by amylase is not possible because of the substitu- 
tion by hydroxyethyl or hydroxypropyl groups which takes place to varying degrees. 
As a result, residual fragments remain in the organism and these are only elimi- 
nated very slowly or else are stored in various tissues or organs such as, for 
example, the spleen, liver or lungs. This can have a particularly critical effect in the 
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case of higher and more prolonged doses. It is assumed that the known side 
effects such as flank pain or itching can be ascribed to this, among other things. 

An improvement regarding the storage probiem was obtained by means of a HES 
type having the specification 130/0.4, whose substitution pattern was optimized by 
a special production method in such a way that the fraction of hydroxyethyi side 
groups that is relevant for the amylase attack was retained but, at the same time, 
the total substitution degree was lowered. 

Consequently, the storage of HES in organs or tissues can be reduced markedly 
although not completely. 

Therefore, the Invention was based on the objective of putting fonward an agent 
that has the advantageous properties of the hydroxyethyi or hydroxypropyl 
starches known from the state of the art but that, In addition, no longer has the dis- 
advantageous property of storing residual fragments In organs and tissues. 

It has been found that this objective can be achieved with a highly branched, low- 
substituted starch product, that is to say, with a starch that exhibits a significantly 
higher degree of branching than amylopectin or that has the a-1,6 degree of 
branching of glycogen or that even exceeds this and that has a degree of substitu- 
tion MS of only 0.05 to 0.3. The starch products according to the invention prefera- 
bly have a degree of branching of 8% to 20%, which can be achieved by means of 
a transglucostdation step employing branching enzymes. In principle, any starch 
can be employed as the starting material for this purpose, but preference is given 
to wax starches with a high content of amylopectin or the amylopectin fraction 
itself. Like the HES types clinically used in the state of the art, the mean molecular 
weight (Mw) preferably ties within the range from 10,000 to 450,000 and the C2~to- 
Ce ratio within the range from 4 to 20, depending on the application. Preferably, 



molecular weights within the range from 10,000 to 40,000 are used for continuous 
ambulatory peritoneal dialysis (CARD) and molecular weights within the range from 
40,000 to 450,000 are employed for use as plasma expanders. The preferred C2- 
to-Ce ratio lies in the range from 5 to 9. The formation of undesired by-products 
such as, for instance, aldonic acids and formaldehyde, can be avoided by the 
method of reduction or oxidation of the aldehyde groups at the reducing end, a 
procedure known to the person skilled in the art. 

Due to the high degree of branching of the starch products according to the inven- 
tion, their water-solubility is raised to such an extent that a higher hydroxyethyl or 
hydroxypropyl substitution can be dispensed with for purposes of keeping the 
starch product in the form of a solution. For one thing, this avoids a retrogradation 
and the associated precipitations since these were only observed In slightly 
branched or unbranched amylose-like structural constituents that are not substi- 
tuted or else only very slightly substlUjted. Thanks to the low substitution by 
hydroxyethyl or hydroxypropyl groups, there is little or no formation of higher 
molecular residual fragments that are generated through degradation by the body's 
own amylase and that can no longer be degraded by amylase and end up being 
stored in the organs or tissues. Moreover, due to the high physiological similarity to 
the body's own glycogen in comparison to HES ti^es found In the state of the art, 
considerably fewer side effects or none at all can be expected. 

Starting with a suitable highly branched starch, methods familiar from the state of 
the art can be employed with minimal effort to produce a colloid osmotic agent that 
lends itself for peritoneal dialysis, whereby said agent can be easily combined in a 
likewise known manner with various electrolytes, amino acids, lactate, acetate, 
blcarisonate and the like, as well as with other osmotically active agents such as, 
for example, glucose. By the same token, by appropriately selecting the molecular 
weight, a product can be obtained for use as a volume replacement means whose 
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volume effect is additionally promoted by the spatial expansion of such a highly 
branched starch product. Moreover, the retention time In the body can be estab- 
lished through the selection of the molecular weight distribution. 

The products according to the invention are characterized In that they have the 
advantages of the hydroxyethyl starches employed for volume therapy known from 
the state of the art but they no longer exhibit their typical drawbacks. This is par- 
ticularly advantageous in areas of application where volume replacement means 
have to be administered in large volumes within a short time or over a long time 
span such as, for example, in the case of sudden deafriess. Whereas, for instance, 
the upper limit for the administration of a HES having the specification 130/0.4 is 
currently 2 grams per kilogram of body weight per day, larger quantities of the 
products according to the invention can be administered without any problems. 

The products according to the invention are also characterized in that they entail 
the advantages of known colloid osmotic agents for peritoneal dialysis without 
exhibiting the disadvantages of potential retrogradation or the formation of harmful 
by-products. 

Through a modification of the mean molecular weight, the products according to 
the invention can be used in volume therapy as well as in peritoneal dialysis. 

The capabilities of the starch product according to the invention will be explained in 
greater detail with reference to the example below. 
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Example: 

Study of storage in the tissues following repeated administration 

A controlled study was performed in 48 female rats. Following a daily infusion of a 
^"^C-marl^ed starch product according to the Invention (mean molecular weight Mw 
of 25,500 Daltons; molar substitution of 0.15; degree of branching of 12.4 mol-%) 
or ^^C-marked HES 130/0.4 (mean molecular weight of 135,600; molar substitution 
of 0.41; degree of branching of 6.29 mol-%; in each case, 1 gram per kilogram of 
body weight) on 24 consecutive days, the liver, lungs, spleen and kidneys were 
examined for storage in the tissues after 2, 10, 22 and 46 days after the last 
administration. The findings are complied in the table below. 

As can be seen In the table, in comparison to HES 130/0.4, a significantly lower 
storage of the product according to the invention (P<0.01) was found in all of the 
tissues examined. These results clearly confimn that the product according to the 
invention leads to a markedly reduced storage in the tissues vis-a-vis the com- 
parative product. 



Sample 


Starch 
product 


HES 
130/0.4 


Starch 
product 


HES 
130/0.4 


Starch 
product 


HES 
130/0.4 


Starch 
product 


HES 
130/0.4 




2 days after last 
administration 


10 days after last 
administration 


22 days after last 
administration 


46 days after last 
administration 


[illegibb] 


0.20 


1.30 


0.06 


0.31 


0.02 


0.20 


0.01 


0.06 


[illegible] 


0.01 


0.06 


0.01 


0.04 


0.00 


0.02 


0.00 


0.02 


{illegible] 


0.02 


0.08 


0.01 


0.04 


0.01 


0.03 


0.00 


0.03 


[illegible] 


0.02 


0.13 


0.01 


0.05 


0.00 


0.01 


0.00 


0.01 
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Patent Claims 

1 . A modified hydroxyethyl-substituted or hydroxypropyl-substrtuted starch prod- 
uct for clinical use, characterized in that the starch product has a degree of 
branching of 8 moi-% to 20 mol-% and a degree of substitution MS within the 
range from 0.05 to 0.3. 

2. The starch product according to Claim 1 , characterized in that it has a mean 
molecular weight (Mw) within the range from 10,000 to 450,000. 

3. The starch product according to Claim 2, characterized in that it has a mean 
molecular weight (Mw) within the range from 10,000 to 40,000. 

4. The starch product according to Claim 2, characterized in that it has a mean 
molecular weight (Mw) within the range from 40,000 to 450,000, 



5. The starch product according to any of Claims 1 to 4, characterized in that the 

C2-to-C6 ratio lies within the range from 4 to 20. 

6. The starch product according to Claim 5, characterized in that the Ca-to-Ce 
ratio lies within the range from 5 to 9. 

7. The starch product according to any of Claims 1 to 6, characterized in that it 
Is a hydroxyethylated starch. 



-10- 



8. The starch product according to any of Claims 1 to 7, characterized in that its 
reducing ends are inactivated by means of oxidation or reduction. 

9. The use of the starch product according to any of Claims 1 to 8 as a colloid 
osmotic agent in peritoneal dialysis. 

10. The use of the starch product according to Claim 9, characterized in that it 
has a mean molecular weight (Mw) ranging from 10,000 to 40,000. 

1 1 . The use of the starch product according to any of Claims 1 to 8 as a plasma 
expander. 

12. The use of the starch product according to Claim 11, characterized In that It 
has a mean molecular weight (Mw) ranging from 40,000 to 450,000. 
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Abstract 



The known hydroxyethylated or hydroxypropylated starch types used as colloid 
osmotic agents in peritoneal dialysis or as volume replacement means (plasma 
expanders) entail the drawback that a complete degradation by amylase Is not 
possible because of the substitution by hydroxyethyl or hydroxypropyl groups 
which takes place to varying degrees. As a result, residual fragments remain in the 
organism and these are only eliminated very slowly or else are stored in various 
organs or tissues, especially in the case of higher and/or more prolonged doses. 

According to the invention, these disadvantageous properties can be prevented to 
a very large extent by means of a highly branched, low-substituted starch product, 
that Is to say, with a starch that exhibits a significantly higher degree of branching 
than amylopectin or that has the a-1,6 degree of branching of glycogen or that 
even exceeds this and has a degree of substitution MS of only 0.05 to 0.3. 
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l»a f otB^fulm An9«li0ii slind il«n vom Atimeldor ernomreKterA UmoHttd&n entiiQinnHm 

Hvpeivenwolgtas Amytot^ktin mm ^in^atr Visrfohr&n zur chirurgisehon odar therepoutiscNn Bdhjsndiuna 
von ^augem oder in DiBflnostlzlorvaifdHron, inabasondorezur Unwendung als PtosmavciumOTtxpeiKier' 

Verwantt^ne von hypemrzwelgtem AmyJoi^ktln^ das 
eltion mlttlemn V^iivveEounsedrad z^mbm > la und 26 
l^ol-9% und «fo Molefcutargewlcht Mw Jm Bsmloh von 
40000 bis 600000 Dalton oufwalBt, und dewen Dorfvaun 
In Voff«hfan zur chlrur^wohan odar thflrepaijtfsGlwin Ba- 
handluna daa manechtichen odortlarlaehen KOrpava oder 
(n OlaoftQftfilarvwfahranf bovofioat ^a Plaamavi^umeft- 
mpandar. 

Fla^m^Ofumanaxpsridar auf l£rsffit von Nydroxyethylfof^ 
tern AmyloiMiktifn weton^bodSngt dMitth di« Hydr<»cydihy^ 
Ifemno, bloiene n<»ih den Nechtefl dar nbhtvoHatandloen 
MatstwUafarbarkelt und <tamit vofObar^ehftnctaf Gewo- 
i»oo|9^oh»njne^ dio mrt N&bonwirkungen vorbund&n 
duf, £a 6o)l6n noua Piadmaaxpendar euf Qasfa von Poly* 
aacc^Yd/fdan safund«n vmr4m, itio dfe&on Na^htell nfa^t 
atifvttofaan. 

ViirbwMarte,wsll4tindie9 mataboUal&rtiaraFtasmiifiWpBiv 
dor ouf 0B«ir3 von hyi^crvofzvimtatom AmylopoJktfn arHBIt 
man bolapfolawaiaa t^d^vdh, deA» n»itivo pnntuem'Anvf^ 
iopaktfna durch Tnanaglycoso Kemng so v^rindart wordon^ 
ffeEw <jor orrt»T<»ftb3ra, hahe Vef2w9(atin0agrad oino 
Sl»u&n/ng dew Senjm<3(-Amy1sso8bbey« ©rmagirciNt so 
dflttff toino Oder m#r <uhr oc^^'na^OfOi^ Hydri>Mv^tt)ylio- 
runa nc^MirdigCfft 
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(OCwQ ^pej^ rtcbt^t s&ch HMndung waf dn« cieim^ 

c£nei> bcKfitimmiO) yism^va^ns^ga^ xmA ein te^dnrntes 

[001139 ^ ^ G«@Bfaidtit& der Entwiddmig der Flasmavo- 
3ii JMimu a »pw adtar wax iKnmfir ein 2Sel, die gli)bull[r& Strub 

Struktur kouant das Glycpjgeot wolcbeia tibcafySa bJa mdOx" 
llcbea Spekberpolyfiacs&aj^ im insoschlidisiD O nga^^tt as 
VQcbraisii nidH^ Sdno gtoMSre $(K«ik(ur endohr das G^- 
cosefi dnseh sdcen s^hoheit Vcrzweiguripgroit. Sm)ldi»- 
ndlatelkd%& Gtyfiogen esiiGIiKosepolyGaccfa 

zurVbirfligiiitg Gleht, «sMag Wie^er^he^ t^S? vot!^ an dad- 

gMigiffxiaimEd zisr Esrs^teEung dea PlasrompanikTB Hy* 
droxytibylstSiice (IIEJJ) eSnarusmen, Mcilcrwdlc wird By- 
4miyetbyl9t§)^ in mebisoan verachledezmn l)rpen sieLa: 

omt) Hydm)Qfflithy)0tM«»-1>p^ CHBS^IVjpai) gcfiJhn, die 

o\3u^ odor {sito mitth intmu^yio Spedcbmin^ Im Oewe^ 

pen untejEschkden sJch im Bemg auf MolekulmgcwLctei; 

{OOOS] 'JVatft des beadnlicben 7bri:schdaa, d£ir init dSeaeEj 
En^wkkllmg«^n erreiclit wiade> verbklbeji dnlge Neshceale 
Bucb bel dee in dcD letzKui Jahf^ ojprtmiierMia HE^-iypeiij 

(00010 liekannt, da$^ 6i& Hydro^yethy^Btbe1::g^ jvp^ 
clxfmiikh abor m)ch meiabdli^sch au^crojticiidkb mUl S»t, 
so da«s diejo^gen Anhydrcgluco^io-Biiib^tea der Hydroxy- 
ethylstSdce, db Ilydm^tyaf^^BlbeKgruplwin crs^^ta, prak- 
liscb nlcht metaboliJ9M>:or Weit^d»ift ht Itakmmt, dass 
aur dKjetiigfin arly4 glyccsidtectoi Bioductpa Im Hy- 
drojQf^yl-^ti^cm^lekQl dorati die ScxmnXf^Ajoaiyhs^ go- 
Bpsiltim weidm ktkm^ die dsrch nicbt subadtuiote Q^co* 
sedkifaovia^ it^l^ildct yiflvid^n, Aan ^csctn Oni£tde lot fe^tzu- 
^Men^ da«« s^^si bel dftn f^titm^nen HES-lypeis due mi- 

[0007] Als wellbiusr Nachteit ifit fefic^ufit^lkn, d^ HES 
xuchf di« ukak jgtchulSrti ^miktttr des AlbumiiaB SEUfwdsc 
uDd de^olb scaDi» Gren^vukio^tit bed&uteod hbhm: ist ^ 
dsB von Albmnln^ Mm niedrigeate >«afcoaitSt ist eioam 

AppUI»tlon in die ZjrkuMon die Gofaostblutvi^sitSt im 
Bltm dner Smtectdgung l»^ofiii$$t w<»id6n mr^, 
[0008] ]3s Is^stand dehor die Aufgabe, ocm verb&is&oito 
Pl;sRmim|kaiidBr aiaf Aiitylopektinlyasis zu entwidxaK di© 
die NaditeDe d«r j^hl^fiden volbe^digcn Metabolifikibar* 
|cc3l dcs Amylc^pektiEsdaiyatefi %droxye^yl9^cilrkxi isicht 

dine ttaalsr gjnihnlflre StTvdstur uuf^isea ^nd damic rel&tiv 

[0009] SekannftUclicilffAuffi&beda'Si^iiduiigangesu^^ 
w«ide&, w&ltOT Bisaatzpibiete fik be»iims»e Amjilfirpeik- 



Bihite Aufgabea* die sichjedoch zwaitgte ms derdnleilteD- 
d^ Bt^ltti^nuif abtfiiten laes^t w«5den d^Eidt de?} GcgcD* 
Gtmsri dee AOBiwruchs 1 gejont BevoiSEWgie Ausgestalumgo* 
dcf EdUK3ang$MC%geiiHi^d der mtfAosp^ I i^kbo- 

[OOH] Dadutch, dass maun hypervtsiT^wni^teKj Amylopdl^ 
dn> daei eiawi miidwo \^5ncwclg^ngsgrttd zwisciKa > 10 
wd 25mol% und ^ MoSekuloqg^ewicht Mw im Bsmch 
Yoa 40.000 hh 800.000 ^>BJim mfwevst, nnd g^t sesne Bfr- 
jdvate m Veifaiireo cbimigiscbes theinspciittsc^^ 
Behttndluiig d£s memchlicbeia cd&r iicmcbeo Kdrpcis (aUor 
v<ni Slugm) odor m Dl^gmKitmaveif atei c^05Cit^i, ge- 
Ungt ea a»f nictil aihm wettesBS votliietisiehbsiie Wea se ziuaei« 
TO ilk byperwo^igcaft Amyiop&ktiin dm IR&ihd von 
IS afifuen void intmsmail^ Anwcondupgw im iwduuiuctasn 
Bcmdi 2a ccscblkBcxt Zam ftndemtt wirdspeaifili bezso^ 
«i^don SelcetHT '71j»9»iavcKttns^ naihm idea- 

Iev; weSt wcsrigier jku ge£iiiidicheia Ndbaanvixiaingen Mkres^ 
deiv BrmiziitcijQriltr 

[0012} Im Beaiug auf die FlasmavDbiiaexiieKpaziKion wuide 
oSltiJich am Itahtnen dsr BtSndung diucb auf^viBcdi^ £tu- 
itxtd Untmacbrngca ^t^teUt, d&ss difr Sest^iftklo- 
oen V4XI HydroxyerbySiSrk^ Btoiroin mi tui Udn 

2S nigo SiundleD oder sogar l^tgo uveh ApplJkalioix eirtes Piaa^ 
liwi^p3iidb)n& 6ifid stolen !Zi^iU3biii& d&JS \br2::weigiingsg!r3d@!S 
anfwieasa am Vesgli^ch ztir odginal iaf^zz^cruii Hydroxy^ 
eajylstSrfee (liEi}-!ft>c4ttkt)- So sdegczi dk Vbt3»irciguDg&- 
gzadB^ ao^edrOckt ah mol*% dar Anhydrog^bscoseox, 

30 Vbrn^dg^in^punlde t3f^ge»^ v<m ca» 5 m*f fiber 

7 ituil«% 2 ^itmdca nadi i^^plikeiticn xasd muS 7 
{JtufideD nach Ai^llkation ai>« Clldcluxliig zcigts sicli 4S 
bzw. 42 StURden noch Infusion in dm Udn-SBnw»Ifirakdb> 
tsm e£n nocB bliiie^ Vemveiguisgs^sd von ^ hzw. 10 mol- 

33 %, Dieses VhiSsiomm wuzde bcobachiei un&bh^g^g von 
Molekulflis^lcbi, Submi^luiDFgEad €>der$ab<^cation5Dii£- 
siier d£ir oppHziertexL Hydixncy&lfaylstSrke. I>as bd^utet^ dass 

gen-^Ucbes Scrukmr bzw. ^^asweigms iiSheixi, die b da 
40 liEersttir ndt ctu Ins 2ix 10 ru3ir% ^^U2W«igaqg a&gegefbep 
witd, 

[fiOlB] Obexiraschesd^rwelse wurde mm geCxmd&ny d^a 
^9 jela^vt Sf^Ut^c dcr <Kli^>-VfS2wd|^ In Axnyk>- 
pelcdn and ia Do^vatCA dftvca ausgemiczt wctdcxk ksm^ mi 
4» den Abbau vma Amylopf^n giegenflber dean ^sjfiimBxam- 
dcn a-Aoriyks^Abbau aowoit zu ledazienm, dass da vc^- 
fitfi&dig {^baubere^ Myd^chatid het^stell: weidea kazxiu 
wiUrhe^ aber iiQoicr nodi die Hgeo^cbaftett we$ idesd^ 
PLosnucximiideii^ Im B^se^g auf HiQrmskotctn&^kl>m Vo^- 

[0014) Die Bcfindung uam&m daher die Verwendiifiig von 
bypemizwdgten Amylopetoinai itixd Denvoicn sol- 
dier hyp«mi;r8n9mgten Amylcpektim m£ d&m nuAaod- 

S8 [0015] Untear Amylopaktinen y^rs&ebt dsbd zuit^Tist 
§ttQ2 Qll^mein verzwelg;ie Scfiiisfiii Oder jtc&iaspfodataemit 
Ur0r4y und oKl'^-Q-Brndu^gen zwischen den GiLucQSfim£>- 
L^i^tcxi, Die Ve^fiigimgen dear Zjg^ etblgau d^bdl Ob^r 
dje cx-(l-^B>tidungi»iT, hx&sis ttSnd bci n^il^ch vortatsi« 

€t> xmdm AmylopektiiieD etwa alk 15-30 Glu«osesegi]QeiiP& 
OQtegelmjSBig vorhimdm. MoLcktOsugewiehr von naidiv 
lich^ Amylopekdn liegt sehr hocb im Beiaeh van 10^ bfo 
!2 >^ Ifi^ Dalian. Moa gcbt dawm d^ mich Amjd^ 
peklin In g^wf^Ben CjDMUDe& Helices bUdet. 

65 [OQltfl MonkamiflirAmylopelabteeteV^ 

^ad d&3nipr^. Das MaB fiir die ^^rzwi^gking i«t da« Vsr- 
h^aUaodft der vm Mbleklileo Aiihydx«gliB»>se^ tfie Vbsr^ 
29Wdgung&ptti)kle (eKl'-ti>-BiiidunBB(n) trageii, aar Oeflfflnt- 
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bd djuff«cs VcrhlKEmjs j& ^sgedi^kt wicd. lit dti-Ndr 
m QUflieteDde? Amylc^kiin Vto^dg^ngsgt^dP von 
ca. 4 !»q1-'%, AOetdlngis isf b«ksm)tt dass Clusief md Mole- 
kQlobschnjUie vtia Aonylopsktin ban iBatiflrtfir B&lrsctvmng 

CttUli:seaiS3 der Du»bschditisverzwedg\mg$grittL 

[ODl'7] Hypeivc£zwdgte Amylapekdne sind im Smiie der 

^ nir AmylGr|)eictiin& bekaiiaten "VcrKwoigtingBgrad 

lOOUj] Sokbc kqrpcmrzpcvdjgte Amylap&kdne; wdsca 
gm§)^l bfihere Verzwdgungiftgrade, atisgectrUckl ab 31QoI« 

wd dmtasifolge In i£n«r Stniktur dem Clj^gen ^ticteet 
tOQ]i)[} l^or ftir d«n eitli»dQiiig0g0ix^ii Eitis^ 

hpiMBm lifsgl Im Bemicb tswisohon > 10 imd 25nwt-%. 

^dem dean die im Sime d«r SrSndtinB nOtdkbeo 
Aif^lcpdctin^imMictdlccw^ bUo 10 biii4Gl\>K»>seeiQhdU!0 

lOmbl'^% i«t der A^bw des vmwvigteD Amylopeildns 
(K- K beim EimaiCK els Basmacxpaindft^ iikbt ^siekbcntcl 

(OOftfl] Bine bevaran^ im lacdiainEscheii Bei«kb eiosetz- 
ber& Amylopd^type Iceim^fiicbnet sk^h dmcb eSttevi Ver- 
jswlng^Qg9g£ad z^iscbea 11 uxzd 16 
(OOSni] Weiteie bevozzu£i« bypernxzweigte Aznylpp«l£- 

[0022^ D«iiebe7i tEomml ouch dem MotekizlargBwicht Mw 
des bypciveizwejglen Amylcpckliits ebe BedsuCQog zo. 
Das Mol/^aiBc^bt Mw bezeichs^r das (jewicbtsmiuet 
d^ MolokuktgowiiPbtSp wiB ea mil elmcbiygSgE^nM&thf^d^ti, 
dii« dipsen BlltMw^ Hcsff^m, gemessen wcsirdan karm. 
liicmi g«bGii:«a bdjpid&w&fie wBaangc GPC« HFLC^ Lichl- 
BtzmiiiQg uod detgteicheOt 

[0023] ill def Bdlndung diiBetssbaren hyperv«»zweig- 
i&zt AmylapekiSn^ besita^&n m Altgeorsdit^Q dnen ^ 
das G^chiBinl^ des Motekulargewiphu} Mw im Bcrdcih 
ym 40*000 bis BOt^OOO Polton. Der umcaro Grenzwem (llr 
des MokkiilaiigBwicbtsbQioich Mw oxgibt £Ocb b(£i den be- 
vomigteQ Anw^mUragen im W^^ntHdw aus d^r fi£>ger 
txsimtcn n!^usren£cbwdl&*^r di© bci hypeiver4Wt93gt<m %r<- 
bindungen bel ebea etw& 40.000 dDzu^ctsen J&l 1st diLs Mw 
IMoer »]3 40i)Q0B^toii, wttzden die Molekttb scbiidl 
^^»er Nifro ab^lUneit weidein. Oberhatb eines Mw von 
80Di)00l>»ltOD wild ksa^ msmm<^Ui:fr nei^nenfiwertsr Nud- 
zeo «tzielt« obwohl bei globii^&ra) Scruknxren die dieozvlfl' 
ksosifSC akbc meisc vcm Molck^ilSftgi^vid^bt abhl^gi. 
(00!24| Bevoi^ugt iQr den EmBas^ ok Pl{tRmavolum9nDX- 
^gim^ siDd MixelwertB Mw zwisdim 90.000 und 
300,000 DaUoar geua2 besond^rs zwecEani^ eind Mbkku- 
lax£^^te Mw zw^schea 120.000 mid 2SO.O0OD^lUai. 
(00^ Bipo bosoodcrp Aiisge^toitax^ der ErSndung am- 
fmit bypcuverzwdigtG^s Amyhofp^kdn, wobei dor mlttl£^ 
VevTwrlgongsgrwl wUcboj 11 und 16 mol-% und das Mo- 
l<^l^ewicb^ Mw zwi6abi»} 90000 und BOOpODODalussi 
ist ^^t^bm 2;wecicmMg& Au^estali^ing^n d&r £dbdiai:)g 
s«£blMen byprnimwcsigbss AenybpelctiR eSn^ wobel der 



das Mabkulsi^^nvidit Mw zwisdmi 12Q.00Q und 
2S0.000D&lt<m im. 

COflSlQ Die vorgcnennrca P^iaisfiijcr Vtoweig^pgr^d 
\3&d Mole)s»ltirgewicbt geffiauen due 23^ gefiebt^ Beeio- 

5 ftusaung uqd samit Hlnstdlung ofiu^ g^wtadttm Hmmi^ 
kokinolik insb&scmdsfiD dDs Efctcicben ^n&s t^wUnscblca fiD^ 
AmylEse-Abbaus. Xkm Visfzweigimgsgt&d d£s Amyfopek^ 
Uns komou bUocba dm SoblSsstlbodcuniJig Abcar audi 
das Molekuilaigewicht hat snxmn WbHws euf die angeis^ncH 

10 chBBe Sjnelak, Duieben kann i» syfib duxria A/&daJio3k dear 
\%rtc^Uung d«r ^nsweSgungsjpuatoe geliRgen, die Kineiik 
de$ Abboiu^ des Amylppekdris m eise gewOosehie Eichmug 

(0027] Vcm gatiz besondarer Bad^umng llSr d^ Abbau. to 
IS Amyio|tektiiiG dum^b o-Amylose und dsmic fOr die Fmkdra^ 
al» iWniavdlwienexpaisdnr iKt jedodi der Veizwelgu^g^- 
gi«il AQfginDckd des htAstax >/bfsiwe»tgua^$gi^des oilUgt 
AztgiSj^ ^3sr ls-Ainy]ase oSatk voKiilgcut b»w. id BozcdcbBD 
d«s bffoklcDls rail eker dtarken XXidbw on VeBwdgui^ff* 
30 puoliteiigaritt'cibta^rdadocl^ 

debt CBefff rndgUcb ist, Sotehe VoibindtsigQn abi dexuKsdi 
idsbaubarduicb Bodsro ficucym^ bk henib zs Ojigosacchaii'* 
den tmd ^ohlkftlioh Oluoose* 
(OflSq bo BedariBfyiv JcC^iibti die esE^duq^gcaoSS 
35 aaiweodetideii lOTieaveEgwBigteii Aaylogpeblipft tojlvftltam 

des Aiiiyt<»p«]£Uas» wie sJe bei«pielswdse di»ch «henus«be 
odier bioiec^olpgiKdw UntBcti^gm erhiHtlicb mid, 
[002I9J Bevox^s^gto Dsdv^^ dot; hypoiverswelglexx H^juy* 

a& lajpektms dndHydimyelhyK Hydn^i^pKopyl- cmd Ace(y!!-' 
Amylop^kifn* BIarvc«i wledcx^m bi Hydmx.yetli^l-'Amyio- 
pekdn ganz bmndera gOnstig es&setzfa&i: Aueli dnrdi die 
Denvstls^oiimg ist EnSthLa dio Kini^tik des Abbmut des Axny- 
lopokdim bedln^uasbaK Bs hi jesdodb vos ^i^ntlBO^ dass rkr 

35 Grod der DerivaUsieiuog, beispielswelsc <kr Hy^xydhy- 
Ujcrungsgradi in dicscn IWcn carhcblJch meddger sda muss. 
Km it^mn mgli^hb^ VglvimaiY^^ bzw. ete 
PhaiznakoksnDtik saf^ruweiseOf im Vbi^bii^ m dner Hy- 
dro3(ye^yl9lirk« (HBSX die msi sKHuial veisrGTeigtem Aroy^ 

^ lopekdiih^e^celltwcrdenlfiit. 

C(^k30] Di0 Hmtdbitbg von bypcry^csw^agtisin Amylo- 
|iekt3n» wolchos im Shmo der Er^nducg umer oD^erEsn und 
bisvmmgt lanu BLosatz als PteHmotsxpsiDdea* ge^ijgDet er» 
tblgt Id an ^cb b^camxter Wd^ dutch mspnmifichrt Vm^ 

AS wGpdIung d\a:dh sog&amox& ^^weagungsenzynte, dio ^ 
Hyi^^yso d£;r c&^liA'glyGOsidifiobcxi BkiduiitgQia tiDd ib)ci£^ 
l^afommtion in o-l^^-glycosidlsche Veitdtudiifiges km- 
iymmsL j!ildlch& sogenaxmten Treeu^li^BnK^yiise^ Itmtica in 
m sich bekannter VMse 2. B. bus Algezk eEmabitsn wcan!en 

so fm60 PCT WO 001SB99, Bs s^M eb&r auch sui& di^i£i US- 
Patent 4454 161 «n4 BP 0418 ©45 andcrc Glycogea-^^ 
^w<»ig^iig$eiizyme b&kanar, die ebeafiaUs «)^pE6«:be3id ^ 
ge^em wemkin kticssn. Dutd:)lQbni)ig dec nszymati- 
ac^^n t)Maglyoo33liisiiii:ig sxfialgt Iza an deb belmuiDes' 

SS Vkas9 bdlspie!BWPU& dorch Ibl^atioD von Wa^bstims^ 
SLSrke loit (ten entspioobenden En^ymeai unDor schawatdfj} 
Bedingungcn bet pH^Wertea urn ca. 7;$ nod Ibikipemurea 
bri ca. 30'^C i» wlaatigar liSauesg, Die Aufi^beitung dt^ ^ 
ak^csosansaf^^s erfalgt a&sctilieflead in ebenf^ bdcssmter 

^ wobei zuvor dureb pH-Weit Vcffindaruog bzw. Fil- 
tratioQflschdtu; dl« Bniiysa^ dcakdvieit oikr entfemt wo 

Id oinefn aascbH&B&ndsn Hydralyse^chiftt, der 
^arrnggwam dmcb SoOlzs^or^ erf6{gt« dm das gc* 
«s wlbxeebce MolekuJargewjcht dee Bnduldm 

gcblie&snd wird dfls Produkt dtureb IHalil&aMoii ndt Msm- 
htmta icedt piA&m cut a£f voo i»« 3.C00I>alKo» vo» atoder- 
inolelnilai!» Vimbfodttnges sowjut Kocbsalz, welciietf bd dsr 
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Xeuttslisoticm des sstxnen Hydmlyseamstze? entsteht, be* 



dud ^« ky|]cry<srzw^gtaj Amylc^djdtte «iucti in iMtoa 5 

[0033] So loanR das liypcmrzwdgte Aniylop&ls^tiln l>el fill 
iki^Vgd Anwenduit^ in dor Tlie^pic und Clsjuigi^ 
aam [Bafisetz kammeii, wo uxtch Qbtiche HBS-I^dukte auf 

[0034] Kct>en der Anwendusg PLasraavohmeaexpfto- 

fSoseiimlfiiisitilf^ bel dttr Zelser^afatk^ im llahiiifin ilsr 
BbAkDii^RXMnittii wf & BeychrDs^mm Oder Qxairalosyieii. 

(00i393 Glyco^ca voo dex Ausior do: Fa* SIGMA wuide 

VOZYMES in dii:^ DMSO/Vtes«n^i»chBng init 3Q%ig(m 2S 
AntEoi ^ DMSO bd 70*^0 unti pH >^ vqa 6,0 abg^sat 
{0036] Ber Reakdossablaut wiir^ dabd dujKsb Motaumg 
MddnilaisevnchtKverandnuDg nuit^s Gdchimimato- 

iibga^pkdsxrcbZi^be voTiNatEczOaugezur]^ 30 

ter ntii Bicosi saB^ia&U^D cat-o£P voa 1,000 T> cuod 25.000 D 
sor Brttfioimiig niodeimslekulaKex A&ib^ sowie boeh* 
iQolcl£)tecr Anidlc. Dss Piodttki wurde anGChl^c&cad mil as 
Ioi^)^tKi^«r Ainbcrlite IE 200 C sowi^^ AkUv)£cbl& htf 
banddt^mitBth^ol wtbe4 SO^C ^e^zockrteL 
(00371 Ifcir V«sn^gU£^girsd beadxnmt iibcar MMR 

pc^dD) CF«* tk^mei) wurd^ in d&r gl^^^ bchaa- 

(003^] Bie bodbvepEweigCeii Ousteifralclknini m Acny- 
Iop&]^ tUQ(3<ltyccrgezi wurdeii cUmach einem Abbsuveisui^ 
duicb Scbw^nqmnkrw o-Amylaae (Tft Itc&he) I12 Pho&- 50 
ptoBtpiiffcr pH 12 in l%igftr Usming bd Sl^C und 0,15 IU/j»l 
Hds^ untn^wodibii und die Abboukinctil: yesfo]gi dutcb 

Chn3imitc:^gr^1ii& Ebenfdh wucd^ ein Veigiecichsvexaucb 
dfist AbbmiB mil cs^nam bajidfibUbli^hi^n Hydzoxy^yl* 5$ 

luus Kfibi)* JXbd weten deuOkbe UnmphlK^ in den AV 
bankiTiipdken sai v&zzet&tmm. Die Hslbw(artsz;(sit cbsi Miob- 
lfiUi]Bis^»wkhts (Abbait xmtiibtexiMolekUl^«i«oclktB Mw 
dtf Au^^gisstib«taiiz auf die H0ft^ flo 

-von 15% ^MFmleEi xtM emachtb dab^ dS» UnUir gl^kbao 
Veeiiui^bbddtDgucigen Bnsitteli& Halbwenszeit wie dsr Wim* 
ms^paaderWovoL 

tarn Vbr«migungagrad yced U tnbl% b^g bisigeg^ taar 
25 MSmiten uod war domit we^senOich kfS^a^ 



Modfitll^BeispLeli 

[0041} DttntikDsbeiide Vl^bsroaisBirffirlro Pa. Ceminr 
mil elnem mjtttere^t dufcb besdisiniGBn 
^gfigt^ vod 4 wurd^ &^{3|ffe^bafid db^ Ang|»^ 
BBS BebpiM 1 eizsem Abberuv^iErsisdbt dazub ^dbwdioet)^ 

L&«un@ itn Pho^pbotpull^pH 7,2 durcb kuczcsBibiszeQ Buf 
ca* 9(rC veiliMBteit und ikm Anatsts; nndi AbkHblung das 
Boj&ym is dnts^McKigf^ ;aiisi»B9tiKl« da3s 0;$ X, B, pm ml xcsut* 

C0043] DwVcTSUcbfitc^arotiu^becnifgS^^ 

(00433 AbbaiiklziBtik wiirde Vtafbijg^durcb die Erfss- 

ming disr MolekidasgewiobiTmjliide^^ diaich Oel^ 

QwnmKigreiUv. Xloicr gk^ 

opiel I i«di»tef& deb dasM^kluilffigewicibtder Aaqgaq^ 

SQbslazizatf drohalben WoitiimBch^ lOMiiHiiBa 

{0044] Cm Vtt|tdch xia d^rt bf»bvmn»«e^gte». t^l-~4/a'- 

l-ti Oluca9^pbQ3ld«o &u$ BeMel 1 wind mmt die im mt- 

tel Klottv siedrigveczweigtet dQnnkochend& ^Wbcbamab- 

Kt9riE0 so ficbneU dwcb i>Amy3asB ^gohau!; dm sle als 

Hasma&x^dor debt vorwcndbsr w£liq. 

IP04d>l Paout desKmsuieien dicbdden ModeH-Bdupie^^ I 

und 2t dasfit wnn die MoLelBllatgewic£ite sicdng sind, 

IfiBfiK^Abb^s fUhrt y&d dass d£&ser!£^Ebkt zur XleasadDbcif ^ 
Dca Plasimatpaosders ekfictzbar bL 



J. Hypcrverzwe^[tes ADiyl0|»k£]n« daif dacn imttle^ 
Vexwet^uog^gt^ad zwisdieo > ID mid 25 mol-*^ 
vind ntitdi^ia Gowiobtsxnxfi^ d^ Mol&lQil$rg&* 
wichts Mw im Bereicb vosn 4(^000 bia 80Qi)00 JJpUaa 
BufwciBf, uod I><Briv9Ei9 dBvoR zixT Anw«ndizr^ m Vcr- 
lotuea zur clarm^^bsn Oder tborapeutlficbeii Behaod- 
Itm^ dos menscUidwo odier tienzdboa 

2. Kyperverzwcdgtcv Amylopdob nss^ Atisprucb 1 



jsUx VctibesBeirun^ der Mii l<T pyii^?i1^T i^ > 

4. Hypem^w^^ites Amyiopeiaiii aftcH Anspcudlk 1 

Bis SedixsenUktionshilfe: bci derZdJsef^ustUNi imKab- 

mm d^ Ij&akdpboi^se. 

S» Hyperv£S£2we3^t£s Amyio^skf^n iraah Ao^^ptucli 1 
zut Kryuboimvjemog von Blutkozapoiies£»i 
Ety^uK!2yt(»i DcteCmaulozyteQ. 

6. Hyperv6f2wdgtoa AEi^lopclct^n nadh ebem di^ 
vcMrh^ii^Hei^n AnspHicliES wobei der uSltkrc Vfar^ 
zwelgungsgrad zwiocbcii 11 und 16 uitd das 
Mbiekol^cwicbi Mw amiscbep 90.000 tmd 
300.000 D^umlBt 

7. HypervcizweigteB Atnylopdklm ma^ einem dfir 
vochei^hencbn Ansprilche I bU 5 wobd dear iiri^lere 
V^wclgung^gm) zmsdi&B 13 imd 1€ tBOI-^ urtd das 
MoletoAai^gewiebt Mw zwidekea 120.000 ttiid 
mOOODaltonlit. 
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